This paper reports a synthesis of novel diheteroarylethenes functionalized for coupling to biomolecules starting from indole derivatives. The strategy is based on the derivatization at the N-atom in the indole substructure. TBDMS protection proved to be superior over BOC protection schemes, leading to higher yields in the overall synthesis. The suitability of the new derivatives as acceptors for pcFRET was calculated for selected donors.
Introduction
Photochromism is the result of reversible photoisomerization between two isomers that have distinct absorption spectra. The two isomers differ from one another not only in their absorption spectra but also in other physical and chemical properties. 1 Among the different photochromic compounds diheteroarylethenes are excellent candidates for optoelectronic devices due to their fatigue resistance and thermally irreversible conversion. Thus, the overlap with the emission of the donor is negligible. The closed form has an absorption band overlapping the emission band of the donor, which can be switched back to the open, nonoverlapping form by exposure to visible light. Multiple "on"/"off" FRET cycles can be generated by alternating exposure to UV and visible light. Application of photochromic compounds as pcFRET acceptors in biology requires that they contain functional groups that can be used for their conjugation to (bio)molecules. Indole derivatives offer the opportunity for preparing a functionalized substituent on the N atom. Here we report the synthesis of asymmetric diheteroarylethenes bearing a removable protecting group at this position.
The diheteroarylhexafluorocyclopentenes are usually obtained by a reaction involving nucleophilic attack of a heteroaryllithium on octafluorocyclopentene, followed by elimination of fluoride groups. 2, 6 With indole as one of the heteroaryl functionalities, the heteroaryllitium species can be formed by halogen-lithium exchange reaction of the N-protected 3-haloindoles. Synthesis of these haloindoles is usually performed by electrophilic substitution. N-Protection of the indoles can be carried out before or after the halogenation step. As a result, the requirements of the protecting group are dictated by the lithium-halogen exchange reaction conditions. The synthesis and application of these N-protected indoles is well documented: 7, 8 alkyl, silyl, alkoxymethyl, acyl and other protecting groups have been used. Here we investigated their use for reaction with perfluorocyclopentene. The optical properties of compounds 5, 13-15 are given in Table I summarizing the absorption maxima corresponding to the open and closed forms, emission maxima of the open form, and the fractional conversion (to the closed form) achieved in the photostationary state by irradiation at the given wavelengths.
The compounds in the open form displayed absorption maxima at 247-270 nm ( figure 1 a) . Compounds 5, 13, 14 and 15 had a second maximum at 310-330 nm, and compound 14 presented an additional maximum at 338 nm. The open forms were fluorescent with emission maxima between 425 and 435 nm. Indole derivatives as acceptors for pcFRET. The modulation of the emission of a fluorescent donor by pcFRET is based on the difference in the absorption properties of the acceptor in its different photochromic forms. Compounds 5, 13-15 were evaluated as switchable acceptors. 
Conclusions
The synthetic scheme using TBDMS as protective group was superior over the use of BOC for the preparation of functionalized, indole derived asymmetric diheteroarylethenes. The substitution on the indole ring at the N-atom had minor effects on the optical properties except for the BOC derivatives. Methoxy groups at position 5 on the indole moiety induced a red-shift of the absorption of the closed form to 600 nm and a decrease in ε. All photochromic compounds prepared in this work constitute good acceptors that can switch on and off the FRET process in pcFRET.
Experimental Section
General Procedures. electronic timer for exposure time control (Lumatec GmbH, Munich, Germany). Monochromic light was obtained by passing the light a band-pass filter (∆λ 1/2 =10 nm). The photoconversions were determined with an Ocean Optics fiber optics spectrometer system with a cuvette holder specially modified to allow simultaneous photoconversion and spectral monitoring. Excitation for absorption and fluorescence was with a DT1000A deuterium/tungsten lamp, and detection was with a SD2000 series dual fiber optics spectrometer optimized for detection in the 250-800 nm spectral region.
FRET Methods. , the critical Förster distance for 50% FRET efficiency, is defined by units, nm 6 ) where Φ is the quantum yield of the donor in the absence of acceptor, n is the refractive index of the medium, κ 2 is the orientation factor between donor and acceptor (here assumed to be 2/3, the value corresponding to rapid and isotropic reorientation of donor and acceptor during the excited state), and J is the spectral overlap integral between donor and acceptor, given by , where F λ is the normalized donor fluorescence spectrum and ε λ is the wavelength-dependent molar extinction coefficient (M -1 cm -1 ) of the acceptor. For an isolated donor-acceptor pair, the FRET efficiency E varies according to
Materials. 2-methyl-1H-indole (1), 5-methoxy-2-methyl-1H-indole (8) , are commercially available and were obtained from Aldrich Chem. Co. Compounds 7 15 and 16 14 were prepared as previously described.
3-Iodo-2-methyl-1H-indole (2).
A solution of I 2 (9.7 g, 38 mmol) in DMF (65 ml) was added dropwise to a solution of 1 (5.0 g, 38 mmol) and KOH (5.3 g, 95 mmol) in DMF (80 ml) at room temperature and stirred for 30 min. The reaction mixture was poured into ice and water (1 l) containing ammonia (0.5 %) and sodium metabisulphite (0.1 %). The orange-white precipitate was filtered and washed with cold water. 3-(2,3,3,4,4 
,5,5-Heptafluorocyclopent-1-enyl)-1-(t-butoxycarbonyl)-2-methyl-1H-indole (4).
A solution of n-BuLi in hexane (1.6 M, 1.0 ml, 1.6 mmol) was added to a stirred solution of 3 (0.50 g, 1.4 mmol) in anhydrous THF (6 ml) at -20 ºC under argon atmosphere. After the addition was complete, the resulting mixture was cooled to -78 ºC and octafluorocyclopentene (0.19 ml, 1.4 mmol) was added in a single portion. The mixture was stirred for 1 h at -78 º C. The mixture was allowed to warm to room temperature and hydrolyzed with an aqueous HCl (1 N, 7 ml) solution. The mixture was extracted with ethyl acetate (4 x 5 ml). The combined organic layers were washed with H 2 O and saturated aqueous NaCl solution, dried over Na 2 SO 4 and concentrated under reduced pressure. The crude product was purified by flash column chromatography on silica with hexane and followed by HPLC (silica gel column, hexane) to give 4 as a white solid (250 mg, 0.59 mmol, 42 %). M. 
3-[3,3,4,4,5,5-Hexafluoro-2-(2-methylbenzo[b]thien-3-yl)-cyclopent-1-enyl]-1-(tbutoxycarbonyl)-2-methyl-1H-indole (5).
A solution of n-BuLi in hexane (1.6 M, 0.77 ml, 1.2 mmol) was added to a stirred solution of 3 (200 mg, 0.56 mmol) in anhydrous THF (3 ml) at -78 ºC under nitrogen atmosphere. The resulting mixture was stirred for 30 min at -78 ºC and a solution of 7 (200 mg, 0.61 mmol) in anhydrous THF (1 ml) was added. After the addition was complete, the mixture was allowed to return to room temperature and it was hydrolyzed with an aqueous HCl (1N, 5 ml) solution. The mixture was extracted with ethyl acetate (3 x 5 ml). The resulting organic phase was washed with H 2 O and saturated aqueous NaCl solution, dried over Na 2 SO 4 3-(2-Butyl-3,3,4,4,5,5-hexafluorocyclopent-1-enyl)-2-methylbenzo[b]thiophene (6) . nitrogen atmosphere. The reaction was quenched with water (10 ml). The mixture was extracted with ethyl acetate (2 x 5ml). The organic layer was washed with saturated aqueous NaCl solution (10 ml), dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica (cyclohexane) to give 9 as a colorless oil (1.67 g, 6.8 mmol, 89%). (15) . A solution of n-BuLi in hexane (1.6 M, 0.77 ml, 0.88 mmol) was added to a stirred solution of 11 (260 mg, 0.80 mmol) in anhydrous THF (3 ml) at -30 ºC under argon atmosphere. The resulting mixture was stirred for 30 min at -30 ºC and the mixture was cooled at -78 º C. A solution of 16 (300 mg, 0.80 mmol) in anhydrous THF (1 ml) was added. After 30 min at -78 ºC, the mixture was allowed to warm to room temperature and it was hydrolyzed with an aqueous HCl (1N, 5 ml) 
1-(tert-Butyldimethylsilanyl)-2-methyl-5-methoxy-1H-indole (10).
Sodium hydride (130 mg, 3.7 mmol, mineral oil suspension 50%) was added in portions to a stirred solution of 8 (0.50 g, 3.1 mmol) in anhydrous THF (10 ml) and the mixture was stirred for 10 min. tertButyl(chloro)dimethylsilane (0.56 g, 3.7 mmol) was added and the mixture was stirred for 12 h at room temperature under nitrogen atmosphere. The reaction was quenched with water (10 ml). The mixture was extracted with ethyl acetate (2 x 5ml). The combined organic layers were washed with saturated aqueous NaCl (10 ml) solution, dried over Na 2 SO 4 , filtered and concentrated under pressure. The residue was purified by flash column chromatography on silica (cyclohexane) to give 10 as colorless oil (635 mg, 2.3 mmol, 74%). . A solution of n-BuLi in hexane (1.0 M, 0.93 ml, 0.93 mmol) was added to a stirred solution of 12 (300 mg, 0.85 mmol) in anhydrous THF (10 ml) at -30 ºC under argon atmosphere. The resulting orange mixture was stirred for 30 min at -30 ºC and the reaction was cooled at -78 ºC. A solution of 7 (290 mg, 0.85 mmol) in anhydrous THF (2 ml) was added. After 30 min at -78 ºC, the mixture was allowed to warm up to room temperature and it was hydrolyzed with an aqueous HCl (1N, 5 ml) solution. The
